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ABSTRACT

The experimental areas presently proposed for KAON are described. Some tech-
nical problems to be resolved in this area are addressed.

1. Introduction

The design of the beam switchyard and experimental areas for the KAON project
definition study (PDS) is intended to address, at least in part, the expected scientific
program as developed in the series of physics workshops conducted during this study.
It represents only one choice in a multitude of possibilities which addresses the broad

:; range of physics opportunities available at an intense hadron facility. The experimental
i layout presented here is not intended to be definitive as much work will be required

;i by programme committees to truly define the initial experimental programme. It does,
>; however, provide a useful tool to set the scale and costs of the facilities required to
'] exploit the proposed accelerators and addresses many of the problems to be faced in
\ developing these facilities.
1 Some identified possibilities have not been included in the present experimental

layout. These include such facilities as an antiproton accumulator, internal polarized
targets, pion therapy facilities, a beamstop neutrino source, time separated antiproton

| beams, a pulsed muon source, 3 GeV/c facilities, etc. These have not been explicitly
i. included due to their cost, their uniqueness to KAON or to perceived interest at this
I point. However, wherever possible, provision has been made to accommodate such

facilities into the experimental layout with a minimum of disruption.
A number of difficult technical problems are associated with dissipating the 3 MW

of beam power delivered by the proposed accelerators. These include targeting, radia-
tion hard components, shielding, air activation, remote handling, etc. It will be essential
to successfully resolve these problems before full beam intensity can be anticipated.
The present status of this important aspect of our study is presented below.

2. Site layout

The overall layout of the accelerators and experimental areas is shown in Figure 1.
Five rings including two accelerators and three accumulators transform the 450 MeV dc
beam from the existing TRIUMF accelerator to a 30 GeV dc beam extracted from the
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Fig. 1. Layout of the accelerator complex.



extender ring. Also, there is the possibility of extracting all the beam from the driver
ring in one pulse of 3.5 /is every 100 ms. The accelerator complex is dealt with in some
detail in another contribution to this workshop by E.W. Blackmore.

One of the long straight sections of the 30 GeV accelerator has been enclosed
in an extraction building. In this building, all manipulations with potential beam loss
such as slow extraction and beam splitting will be performed. A tunnel section, where
losses are expected to be low, then connects this building with a large experimental hall
(70 m x 185 m). Secondary buildings are provided to house specific experimental areas
at the end of long secondary channels. The location of the rings and experimental hall
on the site was chosen to maximize the space available for expansion in the extracted
beam direction.

3. Experimental areas

A proposed layout of primary and secondary beamlines is shown in Figure 2.
It envisages a full range of charged and neutral secondary beams. In this layout, six
charged secondary channels have been provided which view three production targets
and taken together span the momentum range from 0.4 to 20 GeV/c. A neutral kaon
line is taken from a fourth production target. Provision has been made for the extrac-
tion of low energy pion and muon beams in the backward direction from each of the
production targets although no specific low energy channels have been designed. One
such channel could be used for pion therapy. The four production targets are arranged
with two in-line targets serviced by one of two slow extracted proton beams. These
beams are sufficiently separated that the pairs of target stations can be operated in-
dependently. AU production targets and beam dumps have been located in a single
large experimental hall and can be accessed by a common overhead crane. This allows
all highly radioactive components to be transported to a central hot cell facility. Long
high energy secondary channels are housed in separate buildings or tunnels attached
to the main experimental hall. To set the scale for the space required at the end of the
secondary channels, schematic diagrams of existing experimental equipment have been
included in the layout.

The extraction of secondary channels from production targets is an essential
ingredient in the design of the experimental areas. A study [1] was therefore undertaken
early in the PDS to determine the relative merits of possible targeting and extraction
schemes. It was found during this study that a full range of secondary channels could be
accommodated on a series of three in-line production targets and that this arrangement
would maximize the total kaon rate per incident proton. However, this did not allow
the optimization of each of the individual channels and the operational coupling of the
channels was extreme. A second arrangement which has four production targets on
two primary proton lines with two forward-going secondary channels per target was
chosen as preferable. This allows the optimization of each of the secondary channels
and provides much greater operational flexibility. Costs are of course higher as an extra
primary beam and more targets must be provided. However, beam optimization and
functional flexibility are considered to be essential features of a KAON facility. It is
therefore this option which was used in the above facility layout.

The secondary channel designs have been left very much as those in the 1985
proposal. It is felt at this time that these designs are adequate for the purposes of the
PDS and that further design optimization will be dependent on specific experiments.
However, the 20 GeV/c line was extended to include if separation and investigations
of the designs of high resolution and very low energy kaon channels are currently
under way. These general channel requirements were identified in previous workshops.
Properties and rates estimated for the proposed beam lines are summarized in Table I.

A neutrino facility, similar to the BNL facility, was designed to provide a wide
band neutrino beam. This facility consists of a production target, a system of focusing
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Fig. 2. Layout of the experimental areas.



Table I. Separated beams at KAON (properties, intensities*)

Channel

K20
K6
K2.5

K1.5
K0.80
K0.55

Channel

K20

K6

K2.5

K1.5

KO.B

K0.55

Momentum
GeV/c

20-6
6-2.5

2.5-1.25

15-0.75
0.80-0.55
0.55-0.40

p
GeV/c

6
9

12
15
16
21

6
3

2.5
2.0
1.5
1.25

1.5
1.2
1.0
0.8

0.8
0.65
0.55

0.55
0.50
0.45
0.40

Solid angle
mar

0.1
0.08-0.30

0.5-2.0

2.0
6.0
8.0

K~
10«/s

2.3
7.9
9.2
5.9
2.4

0.75

15
2.5

66
39
14
5.4

193
52
18
3.7

99
32
10

41
21
9.2
3.8

Momentum
acceptance
Ap/p in %

1
3
4

4
5
6

4.2
23
52
62
43
29

34
4.5

119
76
27
9.7

366
93
31
0.3

203
59
19

80
44
21
9.4

Length
m

160

no64

30
18
14

w~
io»/.

0.78
0.70
0.90
0.60
0.35
0.16

1.9
3.2

16
21
25
27

49
36
27
18

87
63
44

80
67
50
33

Type of separation

rf, 3 cavities, 2
rf, 3 cavities, 1
dc, 2 stages

dc, 2 stages
dc, 2 stages

8 GHz
3 GHz

dc, 1 stage, extra optics

10»/8

3.6
5.0

24
30
36
37

69
49
36
23

113
80
55

101
82
61
44

P
106/«

11.5
10.5
5.0
1.7

0.35
0.05

23
43

110
91
52
26

81
25
8.3
1.9

7.1
2.6
1.0

1.5
0.93
0.53
0.30

•Intensities are for a 100 /iA 30 GeV beam on a 6 cm Pt target.

horns, a decay tunnel and a long steel muon stop. Pulsed beams of protons are provided
directly from the driver ring. The production target and focusing horns have been
located io the main experimental hall to allow access to the hot cell facilities. The
expected neutrino flux and energy spectrum as calculated by NUBEAM are shown in
Figure 3.

A polarized proton area has been envisaged between the two proton lines servicing
the production targets. This area is provided with a proton beam from the extender

i
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Fig. 3. Neutrino fluxes and energy spectra.

ring which is parallel to this ring. This geometry allows spin transparent beam optics
to be employed from the extraction point. Therefore, the spin direction of the protons
can be controlled in the accelerator. With the successful implementation of Siberian
snakes and a laser pumped polarized ion source, it is expected to achieve 10 ^A of
70% polarized beam at 30 GeV/c. Some consideration was given to the use of internal
gas jet targets in conjunction with the polarized beam. Such a facility would require
significant developments in polarized gas targets and in the understanding of beam
losses in the extender ring due to this target. It has therefore been left as a future
possibility in the extraction hall.

The experimental areas as designed require four proton beams from the acceler-
ator complex, three from the extender ring and one from the driver. It is anticipated
that all beams could be operational at the same time and that the slow extracted
beam from the extender will have to be split in continuously variable ratios. Space has
therefore been provided in the extraction hall to allow the insertion of two beam split-
ting sections consisting of electrostatic and magnetic septa similar to those used for
the slow extraction process. The splitting scheme designed gives four possible beams
from the extender ring. This leaves one line available for future expansion. In initial
operation it is intended to share the proton beam in a much simpler pulse by pulse
mode until experience with the slow extraction system has shown that the continuous
splitting of the proton beam can be done with very low beam loss.

4 . Technical problems

The production targets on the slow extracted proton beams at KAON are ex-
pected to be up to one interaction length high density material such as tungsten.
CASIM calculations indicate that a 100 /iA 30 GeV beam will deposit 84 kW in such
a target with maximum power densities of 64 kW/cm3 . (FLUKA calculations give
results a factor of two higher.) The approach taken to dissipating this large power den-
sity is to design rotating targets which spread the deposited power through a larger
target volume. Two possible target designs have been considered to date. These are



shown in Figure 4. The first is an enclosed annular assembly which uses the cool-
ing water flow to provide the target notation. This design is simple in principle but
has the disadvantage that thin windows must be provided to allow entry and exit
of the primary beam. The second design has a bare annular target rotated mechan-
ically through a system of bearing mounted bellows which carry the cooling water.
Calculations indicate that these rotating targets can dissipate the beam power with
acceptable temperature increases. Prototypes of both these options are being built and
the latter type will be tested in one of the production target locations at TRIUMF.
The problems associated with production targets placed in the fast extracted proton
beam are significantly different than with the slow extracted beam because of the
thermal shock waves in the target material created by the high instantaneous power
deposition. There has been extensive experience at CERN with the use of such tar-
gets for antiproton production for the AA. The instantaneous power in the proposed
KAON beam is not significantly different from that at the CERN PS, and therefore
similar designs should be effective at KAON provided the problems associated with
radiation damage and high average power can be resolved. Terry Eaton [2] has pro-
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Fig. 4. Production target designs, (a) Prototype model of water-driven rotating
tungsten target, (b) Mechanically driven bare rotating target.



posed a rotating copper target design which appears to be capable of withstanding the
pulsed proton beam. However, due to the amount of material surrounding the copper
in this target it may not be ideal for neutrino production.

The first magnetic elements of the secondary channels will be placed just down-
stream of the production targets. There is insufficient space to provide protective colli-
mators for these elements and they will therefore receive substantial power deposition
from the beam. CASIM calculations indicate that a quadrupole with a 30 cm bore
placed downstream of a one interaction length target will have to dissipate 100 kW
of beam power. This implies that water cooling will have to be supplied to the pole
tips and yokes of such magnets. Calculated temperature distributions a water cooled
quad indicate that numerous cooling channels will be required to maintain reasonable
temperatures in the magnet steel. Typically, the first quads of secondary channels are
required to have large apertures and high pole tip fields. The design of such high power,
radiation hard water cooled magnets will be very difficult and preliminary design and
prototyping will be required early in the design stages of KAON.

The use of two production targets in line with two zero degree secondary channels
per target implies that the primary proton beam must be reconstituted after each
secondary channel and refocused onto the second production target. A preliminary
layout of such a transport system is shown in Figure 5. This figure indicates the high
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Fig. 5. Beam transport between production targets.

density of magnets required downstream of a typical production target. The detailed
design of this area will be highly dependent on the exact secondary channel design.
However, it is clear that it will present difficult problems to both the channel and
magnet designers. The quality of the beam on the second target is also of concern in this
arrangement. Scattering in the first target produces tails in the second beamspot which
will have to be accommodated in the design of the secondary channels viewing this
target. If such accommodation is not possible, an entirely different targeting approach
may be required.

The maintenance and repair of highly radioactive components in the target areas
is of critical importance to the successful operation of the KAON facility. TRIUMF has
considerable experience with these problems. However, the concepts developed at lower
energy facilities must be extended to the higher energy scale of KAON. An approach,
similar to that presently utilized for the TRIUMF production targets, in which active
components are removed via an overhead crane to a central hot cell facility, has been
adopted. This is illustrated in the drawings of the shielding sections in Figure 6 which
shows the beamline elements placed in shielded canyons. Service connections such as
power and cooling water are done in regions of low residual activity above a steel
shield. Vacuum connections at beam height will have to be done with specialized tools
handled by remote manipulators. In situ repairs are not considered feasible.
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Air activation is expected to be a significant problem in the KAON target and
beam dump areas. It is anticipated, therefore, that the shield around the target areas
will have to be effectively sealed and perhaps even evacuated. A concept of encasing
the steel shield in an airtight enclosure has been adopted to address this problem.

The target structures at KAON will be massive, expensive and difficult to change
after irradiation. Great care will therefore be required in the design and implementa-
tion of the components and shielding in the vicinity of the targets to assure that the
experimental requirements now and in the future can be met.
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